Two N -heterocyclic carbene (NHC) palladium complexes of formula [PdBr 2 (NHC)(pyridine)] in which the carbenic ring is flanked by sterically crowded cavitand substituents were prepared from appropriate imidazolium salts bearing either two resorcinarene or a combination of resorcinarene and calixarene fragments. Both complexes displayed high stability and good activities in the cross-coupling of aryl bromides with phenyl boronic acid. One of the imidazolium salts was characterised by an X-ray diffraction study.
Introduction
Over the last 20 years, N -heterocyclic carbenes have gained real practical importance in numerous catalytic processes, 1−12 the most prominent application for such ligands being their use in palladium-catalysed SuzukiMiyaura cross coupling reactions. Current efforts in this latter area focus on the design of sophisticated NHCs able to exert high steric pressure on the catalytic centre, with the ligand displaying preferentially variable steric bulk, that is having adaptive steric properties ensuring both high catalyst efficiency and increased stability of certain catalytic intermediates. The concept of variable bulk was introduced by Glorius for NHCs in which the N atoms are part of a conformationally flexible ring that may alternately bend towards the metal centre, thereby favouring the reductive elimination step and stabilising reactive intermediates, and then move away from it so as to facilitate substrate approach. 13−16 A few other NHCs have been considered to show the same property, 17, 18 notably NHCs in which the N atoms are connected to aryl or naphthyl groups with strongly shielding substituents (e.g., -CHPh 2 ), 8, 9, 19, 20 and also alkylfluorenyl-substituted imidazolylidenes.
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We have recently reported the synthesis of the PEPPSI-type complex 1 (PEPPSI = Pyridine-Enhanced
Precatalyst Preparation Stabilization and Initiation 21 ), in which the carbenic ring bears a bulky, rotationally mobile resorcinarenyl substituent ( Figure 1 ). 22 Complex 1 showed remarkable activity in Suzuki-Miyaura cross coupling between phenyl boronic acid and aryl bromides. The performance and stability of the catalytic system was attributed to the ability of two pentyl groups of the freely rotating resorcinarenyl substituent to temporarily interact with the metal's first coordination sphere, thereby providing side group assistance in the reductive elimination step.
Wondering whether the use of a NHC bearing an additional cavitand substituent tethered to the carbenic ring would improve the catalytic performance, we prepared and tested the unsymmetrical PEPPSI-type complex 2 containing two distinct substituents each based on a bulky resorcinarene cavitand skeleton. For comparison purposes, the related PEPPSI complex 3 was also prepared, this containing a sterically less encumbered calixarenyl substituent. While calixarene-and resorcinarene-derived ligands, notably phosphines, have been extensively studied in catalytic chemistry, 23−26 to the best of our knowledge there is no literature report on the use of NHCs with two cavitand substituents. The three ligands tested in this study all contain an imidazolylidene ring and therefore are of comparable donor strength. 
Results and discussion

Synthesis of two palladium complexes containing cavitand-substituted NHCs
Complex 2, which contains a resorcinarenyl and a resorcinarenylmethyl substituent, was prepared according to Scheme 1. The first step consisted of alkylating imidazolyl-cavitand 4 with the bromomethyl derivative 5 in refluxing chloroform, this giving imidazolium salt 6 in 96% yield. The structure of 6 was confirmed by a single-crystal X-ray diffraction study (Figure 2 ), which revealed that in the solid state the two resorcinarene bowls adopt a head-to-tail arrangement, while the length of the molecule approaches 30Å. Imidazolium salt 6 was then converted into the PEPPSI-complex 2 (53%) by reaction with [PdCl 2 ] in refluxing pyridine in the presence of K 2 CO 3 and a large excess of KBr. The related calixarene-resorcinarene complex 3 was prepared in a similar manner, starting from imidazolyl-calixarene 7 (with an overall yield of 39%) (Scheme 2). Both complexes as well as their imidazolium precursors, 6 and 8, respectively, were unambiguously characterised by 1 H and 13 C NMR and elemental analyses (see Experimental section). Note that in the 1 H NMR spectrum of complex 3, as well as in that of its imidazolium precursor 8, the ArC H 2 signals, which appear as two AB systems with a large AB separation ( >1 ppm), are consistent with a cone conformation of the calixarene unit (see Experimental section). 
Catalytic Suzuki-Miyaura cross-coupling of aryl bromides
The new palladium complexes 2 and 3 were evaluated as catalysts for Suzuki-Miyaura cross-coupling between three aryl bromides and phenylboronic acid. The runs were performed using an aryl halide/Pd ratio of 10,000:1 with NaH as the base. The conversions were determined after 1 h reaction time at 100
• C in 1,4-dioxane (Scheme 3). In order to get a better insight into the role played by the substituents, notably for that of the methylresorcinarenyl group, catalytic runs were also carried out under similar conditions with the reference complex 1.
Br (HO) 2 B +
[Pd], NaH dioxane, 100°C, 1 h R R Scheme 3. Suzuki-Miyaura cross-coupling reaction.
As a general trend, the conversions increased with increasing ligand size, that is in the order 1 < 3 < 2 (Table) . For example, starting from 2-bromo-6-methoxynaphthalene resulted in the corresponding coupling product in yields of 59.4%, 63.9%, and 67.1% using complexes 1, 3, and 2, respectively (Table, entry 2).
The only side-product in these reactions was the homocoupling product (Ph-Ph), the yield of which did not exceed 3%. The highest conversion, 76.5%, was observed for the arylation of 4-bromotoluene with complex 2 (Table, entry that such interactions, when occurring (that is when the metal points away from the cavity), involve either one of the two methylenic OCH 2 O or one of the two pentyl groups attached to the NCH 2 Ar ring ( Figure 3 ). Note that for the other N-substituent of 2, namely the resorcinarenyl fragment, only two pentyl groups may come in contact with the metal centre. The fact that the resorcinarenylmethyl fragment of 2 may freely rotate about the corresponding N-CH 2 (resorc) bond, and thus exert a variable steric pressure on the metal centre, may explain why the activity increase observed on going from 1 to 2 remains limited to ca. 15%. For complex 3, the activity increase was less pronounced, this as a result of a sterically less demanding calixarenyl substituent. 
Experimental
All manipulations were performed in Schlenk-type flasks under dry nitrogen. Solvents were dried by conventional methods and distilled immediately prior to use. CDCl 3 was passed down a 5 cm thick alumina column and stored under nitrogen over molecular sieves (4Å 
